Q F'EVER. A ZOONOSIS CAUSED BY THE RICKETTSIA COXIELLA bumetii, was recogn ized for the first time in 1935 during an outbreak in an Australian abattoir. Following this discovery, cases were recorded around the world in relation to animal breeding or the handling of their natural by-products (meat. wool. milk. fur, etc). The largest sources are fo u nd in cows. sheep and goats. which are generally asymptomatic, with the exception of abortions or stillbirths . Coxiella bumetii is a particularly virulent rickettsia as the inhalation of a very small quantity of the microorganism can cause the illness (l ,2). It is also quite resistant to harsh physicochemical conditions due to its ability to form spores: aerosols emitted during the birth of an animal, micturition, defecation or milking, for example, can last many weeks in the environment. The diagnosis is made serologically. The surface antigens of the microorganism vary during t.he infection; the antibodies of phase II are most. dominant during the acute infection but are replaced by phase I antibodies during reactivation (chronic phase).
The first Canadian cases were described in the Eastern Townships (Quebec) at the end of the 1950s. Al l cases were reported after contact with livestock (3) (4) (5) . In the past decade. cats in Nova Scotia and Maine h ave been the cause of several outbreaks (6) (7) (8) . Th e inciden ce of Q fever in Canada is not known as reporting is not requ ired at the national level. Nine cases were described between 1960 and 1980 (9) . fo llowed by 328 cases from 1980 to 1987 ( 1 0); this rap id increase during the past decade very likely ref1ects the progressive spreading of this rickettsia among Canadian herds and domestic animals (5.9). A similar process occurred around the world during the same time period (11) (12) (13) .
The clinical diagnosis of Q fever is difficult due to the lack of knowledge of local animal epidemiology and the variability ofthe clinical picture (10. 14) : the disease can be subclinical or manifest as a ·nu-like syndrome, granulomatous hepatitis. fever of unknown origin. atypical pneumonia, meningoencephalitis. or indolent endocarditis which becomes evident several years after the acute infection (15) .
TheTrois-Rivieres region, located 140 km north-east of Montreal, has 450.000 residents, some of whom make their living from an imal breeding and farming. Nine cases of Q fever in 18 months identified a previously unrecognized endemic focus in this region. The nine cases are described here. along with the resu lts of a serological inquiry carried out among the workers of the abattoir where one of the patients worked. An additional five cases in the province of Quebec since 1989 are brief1y described.
PATIENTS AND METHO DS
Between May 1991 and January 1993. Q fever was serologically diagnosed in nine patients referred to the Service of Infectious Diseases at the Centre Hospital ier St-Joseph de Trois-Rivieres for fever of undetermined origin. The complem ent fixation test was carried out using C bumeiii phase II antigen (Behring Institute, Germany): the diagnosis was based on the fourfold increase of titre (eight cases) or by the presence of a stable titre of at least 128 (one case) (16) .
A serological inquiry was also performed at the abattoir where case I worked, plus a questionnaire on demographic data, animal contacts, diet and febrile illness antecedents.
Information on the five other cases was obtained through the Pu b lic Health Departments wh ere cases were reported (Q fever must be reported by law to th ese departments since 1989 in Quebec).
RESULTS
The nine patients were all male with an average age of 48 years (range 33 to 66). Five cases were situated around Louiseville, a small city of 7000 residents, and the others in s m all rural villages around Trois-Rivieres. The majority of th e cases (seven of n ine) occurred between May and October. Patient Chad a concomitant diagnosis of chronic lymphoid leukemia but h is condition was good. All cases had a documented history of contact with cats. except for patient B wh o lived in close proximity to dairy farms and stables at 3 km from the abattoir where patient I worked, on the same rural route. For the eight other subjects (Table 1) , cats were the only identified potential carriers fo r three, while the other five also had contact with farm animals. Three patients remembered that the contact involved kittens. younger than two months old and living in barns; no contact with partu rient cats was documented.
The incubation period could be deter mined for only three patients and was between two and three weeks. For all patients, the illness began abru ptly, with a medical consultation after an average delay of fo u r days. All patien ts h a d a h igh fever (greater th an 39°C). lasting more than 10 days in the absence of a dequ ate treatment. All complained of a rather severe persistent frontal h eadache, without other neu rological symptoms. Seven patients were bedridden for several clays because of considerable fatigue. Lack of appetite led to an average weight loss of 4 .5 kg. Six complained of prolonged chills, and four of tempor ary myalgias. Physical examinations showed patients were feverish and weak , but not toxic, without rash, meningism, cutaneous embolisms, hepatosplenomegaly, or abnor-mal pulmonary auscultation. During lhe first week of symptoms, the differential while b lood cell count showed leukopenia at 5000x10 6 /L, and four of six with atypical lymphocytes. The while blood cell count normalized during the second week but in some patients it reached temporarily high counts al the beginning of lhe third week (up to 17,700). The diagnosis made at lhe first consultation was a viral infection. Patients A and H, the worst affected. had anemia (hemoglobin 110 g/L). During the first week, patient A also suffered thrombocytopenia at 58x10 9 cells/L.
Five of the seven patients tested during the first two weeks showed cholestasis with light cytolysis, which r solved during the following month. The chest radiographs, blood cultures, and multiple serological analyses were negative except for the complement fixation serology for Q fever: the antibodies against phase II of C bumetii appeared after about 10 days of illness (Table  1) . Patient A, the most seriously affected, developed a transient anticomplementary serum, which delayed the diagnosis. After five weeks of evolution without treatment. this patient showed phase I antibody titre of 128 (also done by complement fixation tesl, at the Laboratory Centre for Dis ase Control in Ottawa): this is lhe limit for the diagnosis of chronic infection (15, 16) since the antibodies of this type are barely detectable in acute infection (17) . Five patients underwent an echocardiography, which showed an aortic valvular sclerosis without vegetations in lhe two most severe cases (A,H). A bone marrow biopsy showed "doughnut epithelioid granulomas' in these same two patients, indicating the presence of Q fever (10) (Figure 1 ).
INQUIRY IN AN ABATTOIR
Patient I. suffering from Q fever in January 1993, had been working in an abattoir just south of TroisRivieres since the summer of 1992. The abattoir emp loyed 16 people who had worked there for an average of seven years. with the exception of two individuals hired the week before the inquiry. Production consists mostly of cows and sheep coming from Quebec and Ontario; deer and bison are also sometimes handled . The slaughtering takes place in a large 100m 2 room.
Four months after the index case, a serological study and questionnaire were done for 14 of the 15 other workers (one being absent); two had antibodies against phase II C bumetii in complement fixation (titre of 40 and 10). The first subject was a 29-year-old female inspector, raised on a farm, who had been working at the abattoir for five years. The other was a 38-year-old labourer who had been employed there for 18 months and who was an occasional raw meat eater. The responses of these two individuals concerning bouts of fever during the last two years was negative. If we add lhe index case, this gives a seroprevalence of20% (three of 15) for Q feve r at this abattoir, comparable wilh Nova Scotia's abattoir workers in 1984 (18) . 
OTHER CASES IN QUEBEC SINCE 1989
Five other cases were reported on th e basis of serological diagnosis in Quebec between 1989 and 1993. The first three occurred in the Eastern Townships. In June 1990, a 41 -year-old butcher presented with fever, headache and severe fatigue accompanied by abnormal hepatic tests. At the beginning of 1992. a 78-year-old man suffering from cancer died of pneumonia caused by Q fever; he had lived on a farm. A 63-year-old dairy cow breeder had a fever of unknown origin in June 1992; he also was in contact with cats, dogs and rabbits and he consumed unpasteurized milk.
The lasl two cases were in the region of Rimouski, in eastern Quebec. In September 1992, a 53-year-old sheep breeder had a febrile syndrome for two weeks after he assisted a ewe giving birth to a stillborn lamb. The provincial animal pathology laboratory (personal communication) performed a serological screening of 10 randomly chosen adult sheep among the 150 animals in the herd. Eight of 10 showed positive serology for Q fever in complement fixation, while results were negative for the cal and dog of the same farm. In April 1993, a 33-year-old clothing store owner was hospitalized for persistent fever; the only animal contact was a 5 min visit lo a sheep pen 14 days before. The laboratory tests showed, one week after the beginning of symptoms. leukopenia (2300x10 6 cells/Ll. thrombocytopenia (89x10 9 cells/Ll. mild hepatic abnormalities and Q fever seroconversion.
EVOLUTION AND TREATMENT
As in all diseases where diagnosis is made serologically. treatment was d layed for several patients. Patients B and D received no antibiotic trealmenl during lhe acute illness; the relatively severe acute phase lasted two weeks, and lwo more weeks passed before the patients achieved spontaneous clinical recovery sufficient (90%) to permit return to work. Doxycycline was administered afterward.
Patient E began treatment one week after symptoms appeared, and retumed to work after three d ays of doxycycline. Patients C and F received a brief treatment (three and one-and-a-half days, respectively) wit.h tetracyclines during the first week of the illness, with a rapid clinical response. The treatment by antibiotics was completed later. Patient I received 100 mg of doxycycline once daily from day 18 to day 28, for disease prevention for travellers; the clinical response was slow and the fever persisted for 10 days after the doxycycline treatment ended.
Patient G received erythromycin from the fifth day of the illness, a medication considered to be less than optimal for Q fever (19) (20) (21) . Although the clinical evolution was satisfactory, classic treatment was subsequently administered.
Patient A, with aortic valvular sclerosis, had a severe clinical syndrome requiring hospitalization. Several antibiotics were administered successively during five days (cefuroxime, ciprofloxacin, imipenen, and erythromycin). with some clinical improvement. After the treatment, clinical deterioration with weight loss of9 kg and a high fever for four weeks occurred. Treatment with ciprofloxacin was fmally initiated (500 mg twice daily for 15 weeks). with rifampin (300 mg twice daily for the first three weeks). Clinical recovery, which began during the first week of treatment, was estimated to be 80% after four weeks and 100% at 15 weeks. At !.hat time, treatment was stopped and a notable drop in phase II antibodies was observed (titre of 5120 at the beginning and 640 at the end of treatment) . The patient's condition remains good after almost three years of follow-up.
Patient H, also with aortic valvular sclerosis , was treated with doxycycline from day 7 to 18 of illness, with a transitory response of fever and headache; clinical relapse occurred during treatment. From day 25 he was treated with ciprofloxacin (750 mg twice daily) and rifampin (300 mg twice daily). with a satisfactory clinical recovery one week later. This treatment was continued for seven weeks until complete recovery was reached.
DISCUSSION
Our cases suggest that Q fever should be considered when a middle-aged man, previously in good health, consults for high and prolonged fever, accompanied by a severe frontal headache, without an obvious infectious site. The presence of a mild hepatic abnormality (transaminases two to three times normal level). should raise suspicion. Although the white blood cell count is described as normal in the literature (21) . or slightly increased (10) . the observations made here suggest that leukopenia with the presence of atypical lymphocytes develops temporarily during the first week of syn1p-toms.
Severe headache is a predominant symptom at presentation, and may be accompanied by neurological 116 signs of meningoencephalitis (22) (23) (24) (25) . Pulmonary manifestations previously reported include incidental radiological fmdings of multiple small, rounded, segmental infiltrations, slowly resolving (7 ,8, 10,26) . Severe pneumonia is sometimes described (22, 27, 28) .
C burnetii strains are of variable virulence and cause different clinical manifestations, depending on the country (10, 16, 27) . Endocarditis is principally described in England and in Australia. In rural Nova Scotia, Q fever is a frequent cause of pneumonia (29, 30) . In Ontario (31), the clinical manifestations seem to be comparable to those of our region with fever of unknown origin affecting middle-aged men; hepatic abnormalities, bone marrow or hepatic granulomas, and anticomplementary serum were found frequently.
The severity of the acute infection increases with age (8, 14, 22, 27) ; infected children show little or no symptoms (14) . Exposure to a high density of aerosols reduces the incubation period and increases the clinical severity (6, 32) . Transmission among humans does not occur.
Acute infection can heal spontaneously but reactivation may occur, rarely, several years later in subj ects with valvular disease (15) . It presents principally as an indolent endocarditis resistant to treatment (15, 33, 34) . Also, certain immunocompromised patients without valvular disease developed endocarditis (35) . Chronic infection sometimes develops in the form of vascular infection, osteomyelitis or chronic hepatitis (34) . In an endemic area, a persistent fever in an immunocompromised patient, or the appearance of sudden unexplained valvular damage (46) . must lead to the exclusion of chronic Q fever.
Another obstacle to diagnosis is the lack of recent data on the endemicity of Q fever in animals in Quebec. In rural areas, exposure to animal aerosols is frequent, especially in spring and summer. Occupational history is important, as well as animal contacts in the month preceding the onset of the disease. The incubation is usually between 14 and 20 days (ranging from four to 39).
The diagnosis of Q fever is generally made by seraconversion in complement fixation against the phase II antigens of C bumetii; this method suffers the usual diagnostic delay, a lack of sensitivity, and interference due to the appearance of anticomplementary sera in some patients suffering from Q fever (31) . More sensitive methods exist, such as indirect immunofluorescence and ELISA. IgM screening is not currently available and is subject to interference by rheumatoid factor, which can appear during Q fever. If only one convalescent serum is available, phase II IgG titre is at least 128 by complement fixation is suggestive of acute Q fever (16) .
The culture of C bumetii may be done in cell culture (19, 23, 35) but is hazardous; inhalation of a single rickettsia is enough to cause illness (1,2). Diagnosis is assisted by h epatic or bone marrow biopsies showing the characteristic 'doughnut granulomas·, surrounded by a dense ring of fibrin , with a central lipidic vacuole. These granulomas were identified in the bone marrow of cases Hand A (Figure 1) .
Diagnosis of chronic infection is made by showing the presence of antibodies against phase I of the microorganism at a titre of 200 or greater in complement fixation. We think that patient A. an aortic sclerosis carrier whose phase I count reached 128, must be followed in the fut ure because of the risk of reactivation. Where available, the appearance of phase I IgA is gen erally considered diagnostic of an endocarditis in the literature (36) .
The treatment of acute infections consists of two weeks of doxycycline. This generally brings down the fever in two to three days (32, 37, 38) . Studies in cell cultures (19, 39) reveal that C bumetii strains isolated in the acute phase are clearly more sensitive to antibiotics than the strains isolated during the reactivations; several authors suggest that an early diagnosis, associated with an adequate treatment administered as soon as possible, could be important in the prevention of reactivations (14, 39, 40) . That is why all our patients were treated, though sometimes late. We obtained excellent clinical results with the combination of ciprofloxacin and rifarnpin in patient A (prolonged acute infection) and in patient H (clinical relapse under doxycyclin e). This combination was synergistic and very effective in vitro (39) . The quinolones are also b eing tried for chronic infections (41 -43) . The authors generally suggest that the treatment of the chronic infection include two antibiotics during a minimum of two to three years (10, 34, 42) . In spite of this. more than half of these patients required a valvular replacement because of hemodynamic instability, on average 107 days after beginning treatment.
CONCLUSION
Which animals transmit Q fever in the Trois-Rivieres region? Cats are particularly suspect here, since contact with them has been well documented to h ave occurred in eight of the n ine patients; in the rural area. several a bandoned cats live in the various farm buildings, where they are in contact with livestock and small rodents. With the exception of case I, no serological screening was done in family members, colleagues or animals because they were asymptomatic. A serological study is being conducted to detem1ine lhe degree of contamination of the herds and domestic animals.
In the endemic areas, as our region is likely to be, the serology for Q fever should be considered in the presence of fever or hepatitis of unknown origin, pneumonia accompanied with headache or culture-negative endocarditis. It is likely that most cases are missed b ecause physicians are not aware enough of Q feve r. The disease in our region does not seem to give the predominant pulmonary manifestations observed in Nova Scotia (29 ,30) ; we are now performing a serological study to determine the importance of Q fever in community acquired pneumonia. The observation of lymphopenia. in the first week of symptoms sometimes with atypical lymphocytes, is particularly interesting. In the future , prevention in rural areas will b e done by teaching animal handlers the basic hygienic precautions such as destroying of animal placentas and the disinfection of birthing areas. A vaccine should also be available in th e coming years (44.45) .
